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Background: There are a number of syndromes that have historically been associated with scoliosis e.g.: Marfan,
Down, and Neurofibromatosis. These syndromes have been grouped together as one etiology of scoliosis, known
as syndromic scoliosis. While multiple studies indicate that these patients are at high risk for perioperative
complications, there is a paucity of literature regarding the collective complication rates and surgical needs of
this population.
Methods: PubMed and Embase databases were searched for literature encompassing the surgical complications
associated with the surgical management of patients undergoing correction of scoliosis in the syndromic scoliosis
population. Following exclusion criteria, 24 articles were analyzed for data regarding these complications.
Results: The collective complication rates and findings of these articles were categorized based on specific syndrome.
The rates and types of complications for each syndrome and the special needs of patients with each syndrome are
discussed. Several complication trends of note were observed, including but not limited to the universally nearly
high rate of wound infections (>5% in each group), high rate of pulmonary complications in patients with Rett
syndrome (29.2%), high rate (>10%) of dural tears in Marfan and Ehlers-Danlos syndrome patients, high rate
(>20%) of implant failure in Down and Prader-Willi syndrome patients, and high rate (>25%) of pseudarthrosis in Down
and Ehlers-Danlos patients.
Conclusions: Though these syndromes have been classically grouped together under the umbrella term “syndromic,”
there may be specific needs for patients with each of these ailments. Given the high rate of complications, further
research is necessary to understand the unique needs for each of these patient groups in the preoperative,
intraoperative, and postoperative settings.
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Scoliosis in the pediatric population is traditionally classi-
fied as idiopathic, congenital, neuromuscular, or syn-
dromic in etiology. Syndromic scoliosis is generally
recognized as scoliosis that is associated with a systemic
disease. Diseases associated with scoliosis include, but
are not limited to, Down syndrome, Marfan syndrome,
neurofibromatosis, Rett syndrome, achondroplasia, Ehlers-
Danlos syndrome, Prader-Willi syndrome, Friedrich’s
ataxia, and Osteogenesis Imperfecta. In these conditions,
scoliosis occurs at a rate significantly greater than that of
the population at large. Despite the usage of the umbrella* Correspondence: jschulz@montefiore.org
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unless otherwise stated.term “syndromic scoliosis,” there is a paucity of literature
that discusses these conditions as one entity. Moreover, lit-
tle has been reported in the literature about the collective
complication rates, or potential for a unique complication
profile, associated with surgical management of syn-
dromic scoliosis.
The surgical management of scoliosis is associated
with significant complications including blood loss, in-
fection, and neurologic compromise. It has previously
been demonstrated that patients with non-idiopathic
scoliosis, especially neuromuscular, have higher rates of
infection, blood loss during surgery, and subsequent
need for transfusion, than idiopathic scoliosis patients
[1]. It should be noted that non-idiopathic patients also
have significantly higher rates of medical comorbiditiesis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Syndromic scoliosis vs. AIS surgery complications
Dural tear Wound infection Respiratory issues Neuro compromise Hardware failure Pseudarthrosis Avg blood loss mL (#)
Marfan Pts (# patients
reported/total)
11.8% (11/93) 6.5% (6/93) 5.7% (4/70) 2.2% (1/46) 17.2% (20/116) 6.2% (8/129) 1756 (106)
Down Pts (# patients
reported/total)
Not Reported 14.3% (2/14) 14.3% (1/7) Not Reported 35.7% (5/14) 28.6% (4/14) 1264 (7)
Rett Pts (# patients
reported/total)
Not Reported 10.1% (9/89) 29.2% (26/89) Not Reported 4.5% (3/66) 0% (0/16) 2106 (16)
NF Pts (# patients
reported/total)
5.9% (3/51) 10.2% (9/88) Not Reported 5.7% (5/88) 4.2% (4/96) 5.7% (5/88) 903 (51)
ED Pts (# patients
reported/total)
16.7% (1/6) Not Reported 20% (1/5) 0% (0/16) 22.7% (5/22) 36.3% (4/11) 1272 (22)
OI Pts (# patients
reported/total)
Not Reported 5.0% (1/20) Not Reported 5% (1/20) 12.8% (6/47) 5 % (1/20) Not Reported
PW Pts (# patients
reported/total)
Not Reported 22.7% (5/22) 6.3% (1/16) 22.7% (5/22) 22.7% (5/22) 4.5% (1/22) 1750 (6)
FA Pts (# patients
reported/total)















AIS Pts (# patients
reported/total)
0.2% (22/11,227) 1.4% (156/11,227) 0.6% + 0.04% (63/11,227 + 5/11,227) 0.8% + 0.5% (86/11,227 +
53/11,227)









Levy et al. Scoliosis  (2015) 10:14 Page 3 of 16compared to idiopathic patients [2]. The syndromic popu-
lation, with their resultant spinal deformities and medical
comorbidities, are likely to have a significant complication
profile as well. Understanding more clearly the rates and
types of complications seen in the syndromic scoliosis
population is an important step in allowing for us to im-
prove the care of these individuals.
The aim of this article is to collect and group data re-
garding the complications associated with the repair of
syndromic scoliosis. With this data, future research can
examine the special needs of these patients in the peri-
operative period to improve their care.
For the purposes of this review, all syndromic cases
should be viewed as being in the same category, thus delin-
eating them from idiopathic, congenital or neuromuscularFigure 1 Pre-operative radiograph of 15 year-old male with Marfan
syndrome.scoliosis. The surgical repair of scoliosis in the syn-
dromic group has been associated with a high degree of
intraoperative and postoperative complications based
on anecdotal experience. There remains a gap in the
literature regarding the rates and specifics of surgical
complications.
Methods
In order to fully encompass as much literature as possible,
two databases were investigated to capture articles for this
literature review according to the methods of Sharma et al
[3]. Pubmed and Embase were both searched for the arti-
cles that were collected. Advanced search techniques wereFigure 2 Pre-operative radiograph of 15 year-old male with Marfan
syndrome.
Levy et al. Scoliosis  (2015) 10:14 Page 4 of 16performed in both cases. Retrospective and Prospective
studies were included, case reports that had fewer than 4
patients were not included for the purposes of this review.
Articles were limited to the years 1990-2013 in an effort to
homogenize data as much as possible. Additional limits
on the search criteria were limited to limiting the lan-
guage of the articles located to “English,” and relevance
to the purpose of this study, scoliosis-surgery-related
complications.
In total, this yielded 520 articles (not accounting for
overlap) from Pubmed and 70 articles from Embase. Fol-
lowing exclusion criteria as stated above, 24 articles were
analyzed, comprising 482 patients.
Articles were analyzed and data were extracted from ar-
ticles in the areas of most common surgical complications
reported. Complications were quantified in the areas of
dural tear/leak, wound infections (superficial or deep),
“excessive bleeding”, respiratory issues (pneumothorax,
pneumonia etc), neurological compromise (paralysis, etc),Figure 3 Pre-operative MRI of a representative patient with Marfan
syndrome.re-operation (cause determined by individual surgeons),
hardware failure (rod fracture, etc), and pseudarthroses.
Average blood loss, age at time of (first) surgery, approach,
and instrument type were collected for each article when
available.
For each syndrome reviewed, summary tables have been
compiled. These tables document collective rates of dural
tears, wound infections, respiratory issues, neurological
compromises, hardware failure, pseudarthrosis, and aver-
age blood loss in mL because these were the most consist-
ently reported complications. Because not every study
reported on every complication, complication rates are re-
ported in both percentage and absolute values to indicate
the variable denominator for each complication. As anFigure 4 Post-operative radiograph of the same 15 year-old male.
Figure 5 Post-operative radiograph of the same 15 year-old male.
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comprising 139 surgical patients. Only 4 of these studies
reported on dural tears and therefore the reference popu-




Marfan syndrome, first described in 1896, is the most





Marfan Pts (# patients reported/total) 11.8% (11/93) 6.5% (6/93) 5.7% (syndrome is an autosomal dominant disease of the con-
nective tissues, resulting from inherited dysfunction of the
glycoprotein fibrillin-1 gene on chromosome 15, affecting
1 in 10,000 people [5]. Variability in the fibrillin-1 gene
leads to various mutations in the extracellular matrix pro-
tein, fibrillin, which aggregates to form microfibrils [6].
Although phenotypic expression can be variable, affected
patients often present with skeletal abnormalities includ-
ing increased height, extremity length, ligamentous laxity,
and scoliosis. Deformities of the lens of the eye and car-
diovascular abnormalities are also seen. Up to 60% of pa-
tients will present with scoliosis, and 40% with kyphosis.
Between 25 and 50% of patients have curves significant
enough to require surgical intervention, with double or
triple major curves appearing more frequently than in
other conditions [7,6]. Representative imaging of scoliosis
in patients with Marfan syndrome at our institution is
demonstrated in Figures 1, 2, 3, 4 and 5.
Six articles were identified that focused on patients
with Marfan syndrome (Table 2). Five of these articles
examined largely adolescent age patients. One article,
by Sponseller et al., focused on infantile patients. A
common theme throughout these papers was the high
estimated blood loss in these patients, averaging above
1700 mL. Dural tears were another complication com-
mented on frequently. Four articles reported dural tears
in 11 of 93 cases. Several articles commented on the
need for longer fusion constructs to minimize the risk
of implant failure and reoperation [4,5,7-10].
In 2002, Jones et al identified 26 patients receiving
spinal fusion for primary scoliosis with Marfan syn-
drome. The article also included 6 patients undergoing
reoperation for progression of scoliosis after prior sur-
gery at another institution. Extension of the fusion to
the sacrum was required in 5 of these patients. The au-
thors believed that planning for longer fusion constructs,
as well as pre-operative cardiac evaluation should be
considered. Furthermore, they noted high blood loss,
2148 mL on average [8]. A second 2002 article, by Lipton
et al discussed 23 patients who previously failed brace
therapy and underwent instrumented posterior spinal fu-
sion (PSF). High rates of double and triple major curves
were found, and the authors emphasized the importance
of arthrodesing all primary and secondary curves [5]. A
2005 article by DiSilvestre et al examined 23 patients, and
found that distal hook malfunctioning caused loss of cor-
rection in 5 of the 23 (21.7%) patients, while 2 of the 23
(8.7%) patients experienced rod fractures leading to revi-






4/70) 2.2% (1/46) 17.2% (20/116) 6.2% (8/129) 1756 (106)
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tients undergoing PSF [9].
In 2012, Gjolaj et al compared 34 cases of spinal fusion
in Marfan patients to age matched AIS controls and did
not find a significant difference in estimated blood loss
(EBL).While this differed from the findings of other arti-
cles, EBL still averaged 1700 mL for these cases. Of the 9
reoperations noted, 2 were due to the need for proximal
extension secondary to curve progression. The authors
stressed the importance of longer fusions, greater atten-
tion to sagittal balance, and the risk of hardware failure
and reoperations (11.8% of patients) [7].Figure 7 Preoperative radiograph of 12 year-old female with Down
syndrome.
Figure 6 Preoperative radiograph of 12 year-old female with
Down syndrome.
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early onset scoliosis. Sponseller et al investigated this
unique population in a series of 10 young patients (mean
age 5.3 at time of surgery) with infantile scoliosis treated
with growing rod constructs. They found a high rate of
CSF leak, 3 out of 10 patients (30%). The authors believe
that newer growing rod constructs could lead to im-
proved outcomes in this challenging population [10].
Down syndrome
Down Syndrome is the most common chromosomal
abnormality in the US, and most frequent cause of
mental retardation. It stems from trisomy of the 21stFigure 9 Post-operative image of the same patient at our institution.Figure 8 Post-operative image of the same patient at our institution.















14.3% (2/14) 14.3% (1/7) Not Reported 35.7% (5/14) 28.6% (4/14) 1264 (7)
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the US is approximately 1 in 700 live births. Patients
surviving through infancy experience cardiac abnormal-
ities, ulcerative colitis, and scoliosis at rates significantly
higher than the general population [11]. Clinically,
these patients often have hypotonia, hyperlaxity of
joints, short stature, and awkward gait. Occipito-
atlantoaxial instability is reportedin 15% of these pa-
tients. Scoliosis has been found to occur in between
10 and 55% of patients with Down syndrome. Bracing
has traditionally been recommended for this group,
but with little data regarding outcomes [11,12]. Im-
aging from a representative patient at our institution
with Down syndrome can be viewed in Figures 6, 7, 8
and 9.
Despite the high prevalence of Down syndrome in the
general population, only two articles, comprising 14 pa-
tients, were found regarding scoliosis surgery complica-
tions (Table 3). This may be related to the somewhat
discouraging results reported below.
In 2003, Lerman et al examined 7 patients with
Down Syndrome and scoliosis operated on over a
16 year period. The authors found a high rate of over-
all complications (71.4%), with one case each of wound
infection (requiring return to operating room for
washout), pneumonia, hardware failure, and psuedar-
throsis. The authors also noted two episodes (28.6%) of
delayed wound healing without infection [13]. A sec-
ond article from 2005 by Milbrandt et al, studying
patients from one institution treated over a 50 year
period identified just 7 patients operated on for scoli-
osis with Down syndrome out of 33 patients with scoli-
osis. Four of the seven (57.1%) cases had failure of
surgical implants, a significantly high rate compared to
other syndromes. Approximately half of patients stud-
ied had already had cardiac surgery, a comorbidity
associated with Down syndrome. The authors indi-
cated that the complications incurred were significant
enough to have “overshadowed” the benefits of the
surgery [11].Table 4 Rett syndrome surgical complications
Dural tear Wound infection Respiratory issues
Rett Pts (# patients
reported/total)
Not reported 10.1% (9/89) 29.2% (26/89)Rett syndrome
Rett syndrome is a progressive neuroaffective disorder oc-
curring almost exclusively in females [14]. The syndrome
is caused by a mutation of the MECP2 gene on the X
chromosome [15]. Symptoms begin to present around the
age of one year. Criteria for clinical diagnosis include
disruption of purposeful hand skills, stereotyped hand
movements, decelerated head growth, communication
dysfunction, failure to move, and neuromotor regres-
sion. Scoliosis is present in this population significantly
above the general population, with estimates anywhere
between 36% and 100% of the affected individuals [14].
The incidence of scoliosis in this population increases
with age and often present in a sweeping, “C-shape”
pattern [16].
All articles about Rett syndrome discussed pulmonary
complications (Table 4). Almost 30% of patients were re-
ported as having respiratory complications, including
pneumothorax, respiratory failure, and pneumonia. Des-
pite the complications, and in contradistinction to many
reports on Down syndrome patients, the authors gener-
ally felt that the surgeries were successful in bettering
the overall lives of these patients [14,16,17].
In 2003 Kerr et al reported on 50 patients with Rett syn-
drome. They found a 20% rate of pulmonary complica-
tions, including six cases of collapsed lungs, and two
patients that required ventilator support post-operatively.
“Movement of stabilizing rods” caused reoperation in 2 of
the patients. 72% of patients were unable to ambulate prior
to or after the surgery, and one patient who walked before
surgery could not afterwards. Despite complications, the
authors indicated that 84% of patients reported improve-
ment in their well-being, despite worsening of some ele-
ments, such as toileting. Importantly, the authors also
stressed the importance of family involvement with care
and rehabilitation as well as timing of surgery and nutrition
during the peri-operative time period [17]. In 2009, Lars-
son et al reviewed 23 patients, again stressing respiratory
complications, 26.1% of patients, 2 patients requiring ex-
tended respiratory treatment. The authors felt that theNeuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
Not Reported 4.5% (3/66) 0% (0/16) 2106 (16)
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breathing in these patients, preventing future episodes of
pneumonia [16]. Gabos et al, in 2012, reported on 16 pa-
tients; with average blood loss of 2106 mL, mentioned to
be notably high. Respiratory concerns were stressed, with 6
cases of pneumonia, 3 cases of pneumothorax, and two pa-
tients needed chest tubes placed. The article also noted
“major” GI complications in 37% of patients and at least
“minor” GI complications in every patient studied [14].
Neurofibromatosis
Neurofibromatosis (NF) is among the most common
single gene mutations in the general population with a
prevalence of 1 in 3000 people [18,19]. There are two
main types of the disorder, peripheral or type 1, and cen-
tral or type 2. Scoliosis has been reported in both types
[18]. A defect in the NF1 gene on chromosome 17q11.2
leads to NF type 1 or von Recklinghausen’s Disease, first
identified in the late 19th century [20]. Phenotypes are
variable, ranging from no discernible symptoms to dis-
figuring spinal deformities with disruption of vital organs
and the spinal cord itself. While sharp, angular, “dys-
trophic” curves are typically associated with NF, mny pa-
tients have curves more typical of AIS “non-dystrophic.”
Both curve patterns tend to progress more rapidly than
AIS, but dystrophic curves are more characteristic of
the disease and can be particularly aggressive. SurgicalFigure 10 Preoperative radiograph of 12 year-old female with NF.treatment has been reported to be problematic secondary
to dural ectasias, and poor bone stock [18,21]. Further-
more, the progressive nature of deformities in some pa-
tients has led to curve progression even after arthrodesis
[22]. Imaging from a representative patient at our institu-
tion with NF can be viewed in Figures 10, 11, 12 and 13.
Overall, five studies were identified regarding NF
(Table 5). Three reported a combined 10% rate of wound
infections, a complication particularly notable in this
population. Additionally, 5 out of 88 patients (5.7%) ex-
perienced neurological complications related to surgery.
Several articles noted the progression of curves following
surgery, especially in the dystrophic subtype- in some
cases leading to reoperation [18,19,21-23].
Wilde et al in 1994 studied 25 patients, reporting wound
infections in 24% of patients, 33% of these infections re-
quired return to the operating room for surgical debride-
ment. The authors highlighted the worsening of curves
postoperatively in some patients undergoing surgical cor-
rection, even in those with solid arthrodesis [22]. Halmai
et al. [19] stressed the importance of early detection and
intervention, given the rapidly progressive nature of the
deformity. The authors noted one case of paraplegiaFigure 11 Preoperative radiograph of 12 year-old female with NF.
Figure 12 Post-operative image of the same patient. Figure 13 Post-operative image of the same patient.
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trating into the spinal cord [19]. Shen et al in 2005 indi-
cated that 13.3% of patients required reoperation, a
complication that patients should be prepared for [23]. A
2009 article by Li et al. found that 3 out of 16 (18.8%) pa-
tients that they operated on with dystrophic curves had in-
traoperative dural tears. The authors also noted the
commonality of post-operative curve progression in this
population, attributed to poor bone stock, especially in
dystrophic curves [21]. Koptan et al. [18], found wound in-
fections in 9.4% of patients, only one of which required re-
turn to the OR for debridement.
Ehlers-Danlos
Ehlers-Danlos syndrome, first described by Ehlers and
Danlos in the early 20th century [24], is caused by a mal-
formation of type III collagen, affecting up to 1 in 5000
individuals [25]. The skin, ligaments, and joints are par-
ticularly lax. Some individuals with Ehlers-Danlos may
be affected by congenital scoliosis, hypotonia, and ocular
fragility. A deficiency of lysyl hydroxylase, an enzyme thatmodifies collagen, leads to joint laxity and muscle hypo-
tonia [25]. Scoliosis or kyphoscoliosis in these patients
generally occurs in the thoracic or lumbar spines and may
appear shortly after birth. Surgery correcting these de-
formities has previously been described as having signifi-
cant complications [26].
Three papers were identified that focused on Ehlers-
Danlos patients (Table 6). The authors of each paper
noted a significant bleeding risk in this patient popula-
tion. All 3 articles emphasized blood loss measurements,
which averaged 1272 mL intraoperatively. One reported
death postoperatively from vascular compromise was dis-
cussed as well [24,26,27].
Akpinar et al. [24] reported an average blood loss of
1764 mL in five patients with Ehlers-Danlos. Two epi-
sodes of intraoperative vascular complications were re-
ported, including a ruptured iliac artery in one case. The
authors commented on the significant bleeding risk in
these patients secondary to vascular fragility. They rec-
ommended special attention to detail regarding bleeding,
including the potential benefits of hypotensive anesthesia
Table 5 Neurofibromatosis surgical complications
Dural tear Wound infection Respiratory issues Neuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
NF Pts (# patients
reported/total)
5.9% (3/51) 10.2% (9/88) Not reported 5.7% (5/88) 4.2% (4/96) 5.7% (5/88) 903 (51)
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for their scoliosis required reoperation secondary to im-
balance and instrumentation failure. Rabenhorst et al.
[27], looked at 6 patients with Ehlers-Danlos, reported
that one patient died following PSF secondary to intra-
abdominal bleeding. The authors also noted the need for
removal of hardware over one year postoperatively sec-
ondary to infection in two patients [27].
Osteogenesis imperfecta
Osteogenesis Imperfecta (OI) stems from a disruption in
type I collagen, affecting approximately 1 in 10,000 live
births [28]. Aside from bone, structural changes are seen
in the skin, eyes, ears, and teeth. The most severe form
is incompatible with life beyond infancy, others may be
minimally affected. Most common, though not univer-
sal, presentations include blue sclera and hearing loss
in young patients in addition to bone fragility. Scoliosis
in this population is often progressive into adulthood,
and associated with chest wall abnormalities leading
to compromised pulmonary function. The excessive
fragility in these patients causes increased difficulty in
surgery [29].
Two articles were comprised of patients with OI, both
noting the significant disabilities, even postoperatively,
in this population (Table 7). Janus et al. [29] collected
data from 20 patients with OI, noting one episode of
deep wound infection and one episode of neurological
compromise. The authors indicated that this is a difficult
population, stating that patients had increased function-
ing in only 35% of cases, compared with a 20% rate of
overall complications [29]. Topouchian et al. [30] re-
ported that a rod fracture leading to loss of correction
occured in 14.8% of their patient group.
Prader-Willi
Prader-Willi syndrome, first described in 1956, [31] has
a significantly variable presentation, but has been associ-
ated most commonly with mental retardation, short stat-
ure, obesity, hypogonadism, and hypotonia, as well asTable 6 Ehlers-Danlos syndrome surgical complications
Dural tear Wound infection Respiratory issues N
ED Pts (# patients
reported/total)
16.7% (1/6) Not reported 20% (1/5) 0scoliosis. Some believe that hypotonia and subsequent
muscle weakness lead to the kyphoscoliosis which may
present up until adolescence [32]. The condition is
caused by a deletion in the parental copy of the 15q11.2
chromosome, affecting approximately 1 in 15,000 in-
fants. Most estimates indicate that half or more of pa-
tients with Prader-Willi have scoliosis [33]. One study
demonstrated that the rate of scoliosis in patients with
Prader-Willi consistently increased with age up until
the point of skeletal maturity, affecting approximately
2/3 of skeletally mature individuals. Furthermore, the
characteristic obesity associated with the condition
appears to contribute to the development of kyphosis
[34]. Imaging from a representative patient at our insti-
tution with Prader-Willi syndrome can be viewed in
Figures 14, 15, 16 and 17.
Two articles focusing on Prader-Willi syndrome were
identified, both emphasizing episodes of neurological
compromise (Table 8). Accadbled et al. [31], found that of
16 patients with PW, 5 had wound infections, with need
for irrigation and debridement in 3. Four patients had
neurological compromise, including definitive tetraplegia
in 1, and definitive paraplegia in another. The authors
concluded that the surgical risk may outweigh the poten-
tial benefits [31]. Greggi et al. [33], examined 6 cases aged
10-15 in their paper, showing an average blood loss of
1750 mL. The authors felt that bracing was less effective
in these patients than AIS patients, and surgery is thus
more frequently necessary. Given the higher rates of
neurological issues in these patients, including one epi-
sode of transient paraparesis, the authors suggested pre-
operative spine MRI and intraoperative spinal cord
monitoring to reduce complications [33].
Friedreich’s Ataxia
Friedreich’s Ataxia is a progressive disorder character-
ized by spinocerebellar degeneration over time, affecting
approximately 1 in 50,000 individuals [35]. Symptoms
include progressive impairment of pain, temperature, vi-
bratory, and light touch sensation, as well as ambulationeuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
% (0/16) 22.7% (5/22) 36.3% (4/11) 1272 (22)
Table 7 Osteogenesis imperfecta surgical complications
Dural tear Wound infection Respiratory issues Neuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
OI Pts (# patients
reported/total)
Not reported 5.0% (1/20) Not Reported 5% (1/20) 12.8% (6/47) 5 % (1/20) Not Reported
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which often does not present until adolescence, occurs,
in some estimations, in up to 100% of this population.
This disorder is caused by an expansion repeat of the
GAA trinucleotide on the 9q13 chromosome, leading to
iron deposition in the mitochondria and ultimately cre-
ation of free radicals [35]. Cardiomyopathy leads to
death in many patients before the age of 40 [36].
A single 2008 study by Milbrandt et al discussed
16 patients (mean age 15.5) with Friedreich’s ataxia
(Table 9). The authors noted one episode of deep wound
infection following surgery, which required implant
removal and reoperation for washout. They reported
that 81% of operated-on patients remained wheelchair-
bound at surgical follow-up. Moreover, they concluded
that there was no significant impact from surgical cor-
rection on what age patients became wheelchair bound.
Despite cardiomyopathy concerns, the authors felt that
surgery could be preformed safely with close anesthesia
monitoring [36].Figure 14 Preoperative radiograph of a 14 year old with Prader-Willi
syndrome.Discussion
Syndromic scoliosis represents a wide range of under-
lying pathologies and phenotypic manifestations. This
paper is a thorough analysis of the recent literature
concerning the quantitative and qualitative complication
rates associated with these challenging patients. To pro-
vide a reference point for our data, a comparison popu-
lation is necessary. Adolescent Idiopathic Scoliosis (AIS)
is the most studied and published-upon category of
scoliosis. Furthermore, given the high rate of AISFigure 15 Preoperative radiograph of a 14 year old with Prader-Willi
syndrome.
Figure 16 Post-operative image of the same patient. Figure 17 Post-operative image of the same patient.
Levy et al. Scoliosis  (2015) 10:14 Page 13 of 16patients operated on at most institutions, this popula-
tion’s data provides an excellent tool for comparison
(Table 10).
A 2011 study by Reames et al looked into the surgical
complications associated with the repair of over 19,000
patients with scoliosis. The complications analyzed were
divided into the various main etiologies of scoliosis: idio-
pathic, congenital, neuromuscular, and other (comprised
of post-traumatic, “syndromic”, neurofibromatosis, non-
neurologic tumor, iatrogenic, and bone dysplasia/dwarf-
ism). The most represented group, “Idiopathic”, encom-
passed over 11,000 patients and had complication rates
as follows: 6.3% of patients had complications of anykind, 0.8-1.3% of patients had wound infections, and
pulmonary complications, durotomies, and neurologic
complications occurred in less than 1% of cases [37].
Of note, Reames also discussed complications in a
group referred to as “Other” which included syndromic
causes of scoliosis. This group was not stratified by spe-
cific syndrome, and little data was elaborated upon.
Thus, the issue of heterogeneity between different syn-
dromes comprising the syndromic group was not ad-
dressed and stratified, as it was in our analysis.
Blood loss is one of the most common and significant
complications reported in syndromic scoliosis patients. In
2013, Ialenti et al reported on a cohort of AIS patients
Table 8 Prader-Willi syndrome surgical complications
Dural tear Wound infection Respiratory issues Neuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
PW Pts (# patients
reported/total)
Not reported 22.7% (5/22) 6.3% (1/16) 22.7% (5/22) 22.7% (5/22) 4.5% (1/22) 1750 (6)
Levy et al. Scoliosis  (2015) 10:14 Page 14 of 16and found that estimated blood loss ranged from
907 +/-775 mL for those treated with posterior spinal
fusion (PSF), to 323+/-171 mL in those treated with an-
terior spinal fusion (ASF), to 1277+/- 821 mL in a lim-
ited number of combined-approach cases. While a large
variability was found from study to study, the results of
our analysis indicate that average blood loss in syn-
dromic patients is significantly higher, regardless of sur-
gical approach. Notably, in Marfan and Rett Syndrome
patients EBL is approximately 2000 mL per case, sig-
nificantly higher than that of AIS patients [38].
Complication rates in surgically treated AIS patients from
two recent studies [37,38]
Lung disease was also a commonly reported specific com-
plication that was seen throughout our analysis. A recent
paper by McPhail et al, noted that 6 out of 18 patients
with syndromic scoliosis had obstructive lung disease,
while 57% suffered from restrictive lung disease [39]. This
data supports the notion reported above that patients with
syndromic scoliosis have additional comorbidities, includ-
ing respiratory issues preoperatively. This may be con-
tributory to the high rates of respiratory issues we noted
perioperatively in our data set.
A 2013 meta-analysis by Sharma et al focused on the
neuromuscular scoliosis population, examining 68 arti-
cles between 1997 and 2011. They found that 22.7% of
patients had pulmonary complications, 12.5% had im-
plant complications, 10.9% had wound infections, 3%
had neurological complications, and 1.9% had pseudar-
throsis [3]. These rates, though somewhat variable, are
largely similar to the results found in our article.
Conclusion
The complication profiles that we report in this paper
are significantly higher than in patients with AIS and at
least comparable to those seen in neuromuscular scoli-
osis [3,37,38].
There are unique management issues that are relevant
when discussing the patients in the syndromic groupTable 9 Friedreich’s ataxia surgical complications
Dural tear Wound infection Respiratory issues
FA Pts (# patients
reported/total)
Not reported 6.3% (1/16) 6.3% (1/16)beyond the parameters that were identified in the study
presented in this paper. For example, the issue of dealing
with patients with mental handicaps (common in many
of the syndromes included under the umbrella of syn-
dromic scoliosis) presents added challenges to rehabili-
tation and repair following surgery. The solution to
minimizing risk in these patients will likely include a
multidisciplinary approach, integrating family, nursing,
anesthesia, and other providers in the role of patient
care. For example, given the high rates of pulmonary com-
plications in patients with Rett Syndrome, the importance
of integrative perioperative pulmonary care cannot be
overstated. Fluid resuscitation and transfusion protocols
are also important, given the increased blood loss detailed
in our study. It is hoped that added attention to detail,
specifically with an interdisciplinary approach, more pre-
dictable and safer surgeries can be achieved.
Given the rarity of each of these syndromic cases, es-
tablishing a national network in which we can track out-
comes and research is necessary. Providing more data
should allow for the development of protocols tailored
to the needs of these patients, and can serve as a model
for improving the care of patients with other rare spinal
abnormalities or medical conditions.
While this analysis has many limitations, perhaps chief
among them is that the articles studied ranged over
three decades. Surgical practice is constantly evolving,
and thus techniques and technology (surgical, anesthetic,
perioperative) will change dramatically. We acknowledge
that the differences in countries of study, surgical ap-
proach, surgical technique, and others represent con-
founding variables.
Furthermore, while most of the complications occurred
early in the post operative period, given the different report-
ing characteristics of each paper we have been unable to
stratify complications consistently according to whether
they were early, intermediate or late surgical complications.
Although the complication rates for syndromic scoli-
osis surgery are significant, most authors believed that
the surgeries themselves were overall beneficial. OneNeuro compromise Hardware failure Pseudarthrosis Avg blood
loss mL (#)
0% (0/16) 6.3% (1/16) Not Reported 1268 (16)
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papers reported disappointing results. Given the po-
tential rewards of surgery and the high level of compli-
cations in patients with syndromic scoliosis, it is
essential to examine the quantity and quality of these
complications to pinpoint the source of intraoperative
and postoperative challenges. This analysis is a step
forward in consolidating and considering these compli-
cations in syndromic scoliosis.
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